Purpose: To date there are no published studies directly comparing self-controlled and 18 externally-controlled pace endurance tasks. However, previous research suggests pace control 19 may impact on cognitive strategy use and effort perceptions. The primary aim of this study 20 was to investigate the effects of manipulating perception of pace control on attentional focus, 21 physiological, and psychological outcomes during running. A secondary aim was to 22 determine the reproducibility of self-paced running performance when regulated by effort 23 perceptions. Methods: Twenty experienced endurance runners completed four 3 km time-24 trials on a treadmill. Subjects completed two self-controlled pace (SC), one perceived 25 exertion clamped (PE), and one externally-controlled pace (EC) time-trial. PE and EC were 26 completed in a counterbalanced order. Pacing strategy for EC and perceived exertion 27 instructions for PE replicated subjects' fastest SC time-trial. Results: Subjects reported a 28
Introduction 42
Attentional focus during endurance activity is a dynamic process. To optimize 43 performance, athletes must monitor both internal (e.g. bodily states) and external (e.g. 44 environmental) stimuli and engage appropriate cognitive strategies to cope with task demands 45 (6). Much research underpins this contention, demonstrating that a focus on task-relevant 46 self-regulatory thoughts (e.g. relaxing, cadence/rhythm) may improve movement economy (7) or optimize pace (8) . Conversely, an excessive focus directed toward bodily sensations During each time-trial recordings of running speed, heart rate (Polar RS400, Kempele, 138 Finland), rating of perceived exertion 3) , and affective valence 139 (Feeling Scale; 17) were taken at 200 m, and at each 400 m distance interval thereafter. RPE 140 and affective valence scales were projected on a screen 3.5 m in front of the treadmill and 141 removed once subjects had indicated their RPE and affect over the preceding 200 m. Before 142 the PE time-trial, subjects were informed that their reported RPE could vary from the 143 instructed RPE if they perceived their actual exertion to be different. 144 Time-trials 145 Before each time-trial, subjects warmed up for 5 min at a pace equivalent to 70% of 146 the maximum heart rate recorded during the incremental test, followed by 2 min rest (38). To 147 provide knowledge of distance elapsed/remaining (30, 33) only the treadmill distance display 148 was visible to the subjects. However, the user terminal was interfaced with a computer 149 (h/p/cosmos pc software) so that all time-trial data were visible to the experimenters. A video 150 camera was used to record data for later analysis. Subjects received no other feedback or 151 verbal encouragement throughout each time-trial. A fan was positioned at the front right of 152 the treadmill during each trial to ensure consistency of laboratory conditions. 153 Time-trials 1 and 2 were self-controlled pace trials. Before each trial, subjects were 154 instructed how to manipulate treadmill speed on the user terminal and were informed they 155 could pace the trial freely, but to complete it as quickly as possible. The first time-trial served 156 as a familiarization trial. The second trial replicated the familiarization trial. Paired-sample t-157 tests indicated no differences between trials in running speed, completion time, heart rate, 158 post-trial blood lactate, perceived exertion, affective valence, or on frequency ratings for any 159 attentional focus category (see Post time-trial measures and attentional focus interview). The 160 fastest trial was used as each subject's self-controlled pace (SC) trial for subsequent analysis. Time-trials 3 and 4 were completed in a randomized, counterbalanced order 162 (www.random.org). Time-trial 3 was a rating of perceived exertion clamped (PE) trial.
163
During PE, subjects were instructed to maintain varying perceptions of exertion, replicating 164 those self-reported during SC. Subjects were issued with an RPE instruction at each distance 165 interval (e.g. 200 m, 600 m, etc.) to attain by the next 200 m segment (e.g. 400 -600 m, 800 166 -1000 m, etc.). Subjects were informed beforehand and reminded during that RPE was in the 167 context of a 3 km time-trial they were attempting to complete as quickly as possible (30, 33) .
168
Subjects could manipulate the treadmill speed throughout. Time-trial 4 was an externally-169 controlled (EC) pace trial during which the experimenter controlled treadmill speed using the 170 manufacturer's software controls. Before EC, subjects were informed the trial would be 171 completed as quickly as possible but the experimenter would control the speed. Pacing 172 replicated the self-selected strategy adopted during SC. Subjects were blind to the origin of 173 the RPE instructions and the pacing strategy implemented during PE and EC respectively. values were conducted where a significant F ratio was observed. Statistical significance was indicated no differences in success or interest motivation between conditions. As a 210 consequence, the effect of condition was further analyzed using a repeated measures 211 MANCOVA where appropriate, with pre-EC interest motivation controlled as the covariate. revealed the difference in heart rate between SC and EC was negatively correlated with the 225 number of pace adjustments made during SC (r = -0.513, P = 0.021). Blood lactate (Table 2) 226 was lower following PE compared with SC (MD = -2.80 mmol·L -1 , 95% CI = -5.43, -0.159; 227 P = 0.036, d = 0.67). There was no difference in post-trial blood lactate between SC and EC. (Figure 3) . Specifically, nine individuals perceived exertion during EC to be higher 260 than SC, and eleven lower. Consequently, between-groups differences were analyzed using 261 MANOVA with increased/decreased RPE during EC as the between-groups factor. RPE 262 reported during SC did not differ, but there was a between-groups difference in RPE reported 263 during EC (F 1, 18 = 7.83, P = 0.012, d = 0.80). Mean RPE increased from SC (12.7 ± 1.6) to 264 EC (13.9 ± 1.4) for those who reported EC harder, and decreased from SC (12.5 ± 1.9) to EC 265 (11.7 ± 2.0) for those who found EC easier. Furthermore, subjects who perceived an elevated 266 RPE during EC also reported a greater frequency of internal sensory monitoring than those 267 who reported a lowered RPE (Mean ± SD; 7.2 ± 1.8 versus 5.6 ± 1.4 respectively; 95% CI = 268 0.08, 3.10; P = 0.041, d = 0.99). The groups did not differ on running experience or any other 269 attentional focus, physiological, or psychological variable. to optimize running performance (13). In contrast, monitoring highly automated processes 297 such as breathing or movement execution may increase heart rate and the oxygen cost of 298 running (32). The findings of the present study also emphasize the significance of 299 metacognitive processes to attentional focus within varying contexts (6). Specifically, the 300 data suggest that during the EC time-trial, task-relevant monitoring of situational variables 301 (e.g. bodily sensations) stimulated cognitive control and selection of cognitive strategies 302 more conducive to a lowered oxygen cost of running.
303
The differences in subjects' self-regulatory cognitions during the SC and EC time-304 trials may have further significance. Focusing on pace-related thoughts during the SC trial implies a need for proactive, goal-driven cognitive control (4,6,10). In such circumstances, During the PE trial, subjects monitored bodily sensations most of the time as opposed 355 to often/frequently during SC (Figure 2) . In addition, a greater number of athletes reported 356 monitoring overall effort/feel (80%) and body movement (65%) during PE. From an 357 attentional focus perspective (6) the findings suggest excessive internal sensory monitoring 358 without task-appropriate self-regulatory (8,22), outward (38,39) or distractive (34) foci may 359 amplify feelings of task difficulty. This may result from an increased conscious awareness of 360 corollary discharge and an attendant elevation in effort perceptions. Consequently, during PE 361 a decreased intensity was required to maintain the instructed RPE. The findings emphasize 362 the importance of a context-appropriate focus of attention during endurance activity (5,6).
363

Conclusions and future recommendations 364
This is the first study to directly compare self-controlled (SC trial) and externally-365 controlled (EC trial) pace endurance tasks. An important finding was that subjects employed 366 attentional strategies (e.g. relaxing, optimizing running action) conducive to improved 367 running efficiency during the EC trial. Attentional control during externally-controlled pace 368 running may also be less demanding on cognitive resources. However, increased internal 369 sensory monitoring coincided with elevated effort perceptions in some runners during the EC 370 trial. Compared with the SC trial, excessive monitoring of bodily sensations (e.g. overall 371 effort/feel, body movement) was also accompanied by a slower running speed and 372 completion time during the perceived exertion clamped (PE) trial. This study highlights the 373 need for a task-appropriate focus of attention during running and supports suggestions that 374 attentional focus may be an important determinant of endurance performance (2, 26) .
375
Based on the present findings, further research is required to explore the performance 376 implications of externally-controlled pace running in an ecologically valid setting (e.g. 377 running with pacemakers). Given that all five female subjects reported increased effort perceptions during the EC trial, the potentially moderating influence of gender should also be Table 3 . Mean ± SD for mood states (BRUMS) reported pre-trial and retrospectively post- 2.2 ± 0.6 high, 3.0 ± 0.8 medium/low
Primary events
Ultra-distance (n = 3) 10km -Marathon (n = 7) 800m -10km (n = 10) *Note: training intensity self-reported by participants. High intensity training identified as high-intensity interval and tempo running 
